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OPERATION OF AI1 INTEJ.2RATDJG FIOATED-TYPE GYRDSCQPE 

IJON~LU)T&UP PICKUP 

%& 
IN THE CAPACITY OF A E J  AEJGULAR-I43TION 

G.A.Slcriqyanskiy 

Analysis of the  error due t o  t he  device's def lect ion from 

zero point, a r i s ing  when an integrat ing floated-type gy~>- 

scope i s  used, without a follow-up system, as an angular 

motion pickup. Suggestions are made concerning the  use of 

&flJe-J such p s c o p e s  as pickups. 

During operation of an integrat ing floated-type eyroscope with a servo, 

t h e  angle of deflection of t h e  gyro u n i t  of the  instrument from the  neut ra l  

pos i t i on  usually does not exceed O.CC1 radian. 

ou t  a s e m ,  tinis angie may reach ~ e - ~ - e r z l  degrees, xb ich  i ~ tm l? i_ rces  ermrs i n t o  

Ifhen the  instrument works with, 

t h e  instrument readings. 

The work of an integrat ing floated-type a roscope  as an angle of ro ta t ion  

pickup of an object in i n e r t i a l  space without a servo can be characterized by 

. .  t,he eq>.ation . 

sin - 
1 

I n  this e p a t i o n :  
0 .. 
U and U = veloci ty  and acceleration of t h e  change of t he  output 

voltage U of t he  angular motion pickrp; 

w = input angular velocity, %.e., absolute angular velocity of 

ro t a t ion  of t he  instrument ab0u.t i ts input axis; 

3:- Numbers i n  t h e  margin ind ica te  pagination i n  t h e  o r ig ina l  foreign text. 
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wz0 = absolute angular veloci ty  of t h e  h s t m m e n t  case about t he  

t ransverse a x i s  zo perpendicular t o  the inpu-t and output 

axes of the instrument; 
b 

I = control  current (current  supplied t o  the  cont ro l  c o i l  of 

t he  master); 

;i = absolute angular accelerat ion of t he  instrument case about 

t he  output axis; 

8 = angle of ro ta t ion  of t he  &yro uni t  r e l a t i v e  t o  the instru-  

ment case from the s t a r t i n g  pos i t ion  corresponding t o  zero 

values of 10 and I!; 

K and k = transmission coeff ic ients  ( q l i f i c a t i o n  f a c t o r s )  both of 

t he  instrument as a whole a d  of i t s  ind iv idua l  components 

( the  f i rs t  index f o r  t he  coeff ic ient  denotes the  input 

quantity ali: the second, t h e  ectpi-tt.); 

T-** 

where : 

T = time constant of instrument; 

J = moment of i n e r t i a  of t he  gyro r e l a t i v e  t o  t h e  output e s ;  

QHd = spec i f i c  damping moment; 

p = angular veloci ty  of t he  gyro about t he  output a x i s  w i t h  

respect t o  the instrument case; 

P"4 = damping moment; 

K s u  = response (curvature of response curve) of angle sensor; 

= transmission coeff ic ient  of instrument with respect t o  

input  angular velocity;  
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= transmission coefficient of t he  gyro; 

H = i n t r i n s i c  moment of the  gyro; 

$ and !$ = p a r t i a l  der ivat ives  of the  first order of t h e  absolute 

error A of t h e  angle sensor with respect t o  time t and 

angle e', respectively (E5bl.l); 

where : 

KIM & = spec i f ic  moment (curvature of t h e  performance curve) of t h e  

moment sensor (master) ; 

M,, = moment produced by master when fed with a current I. 

- 
The coef f ic ien ts  kJW and k* characterize tne e f f ec t  ~ r ;  t he  instrument of ,  

I n  this case, t h e  respectively,  t he  current I and t h e  angular accelerat ion y. 
coeff ic ient  klw i s  numerically equal to  the  angular veloci ty  w, having the  same 

e f fec t  on t h e  instrument as the  single current I. Analogously, the coeff ic ient  

kv; i s  equal t o  the  angular veloci ty  w, which has the  same e f fec t  on t h e  i n s t m  

m e n t  as i t s  spin with t h e  s ing le  angular veloci ty  v. 

= angular d r i f t  velocity (IC = moment of noise acting about 

the  spin axis of t h e  gyro). 

The instrument designed t o  operate without a servo should have an es- 

p e c i a l l y  prec ise  angle sensor so tha t  i t s  e r ro r  A W i l l  be p rac t i ca l ly  equal t o  

zem. For an ir,strument with such a sensor, at  wz0 = 0, cos 8 = 1, and zero 

i n i t i a l  conditions, t he  solution of eq.(l) can be presented i n  t h e  form 

& 
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u = U ~ , U J d t - - K . , V  + 

I n  this expression, the first term of the  right-hand s ide represents  t he  

u t  sigr,al of an i d e a l  instrument. Let us denote this s igna l  by I?, . Since 

w cy, where cy i s  the angle of ro ta t ion  of t h e  instrument case about t h e  input  

a x i s  r e l a t i v e  t o  the  i n e r t i a l  space during the  time t, we have 

u; - &&U. ( 3 )  

The expression i n  brackets of t he  equal i ty  ( 2 ) ,  f o r  I = 0, gives the  abso- 

l u t e  e r r o r  of measurement of the  angle cy, expressed i n  radians. In principle ,  

this e r r o r  can Se compensated by a sr . i table current  I. 

= const, arld = const, the  l imi t ing  value of this e r r o r  W i l l  be 

A t  cu = const, wd = 

To e luc ida te  the  e f f ec t  of t h e  time constant T on the  accuracy of opera- 

t i o n  of t h e  instrument, we w i l l  s e t  wd = I = ;i = o i n  eq.(2) and win consider u) 

an a r b i t r a r y  function of time. Then, the  output voltage of t h e  instrument be- 

Here, t h e  f irst  term 

of the  i d e a l  instruuent .  

t h e  instrument, resu l t ing  

of t h e  right-hand s ide  determines the  output s igna l  

The second term represents the absolute e r r o r  CUT of 

from T # 0. The corresponding r e l a t i v e  e r r o r  i s  
1. f 

I S a e f d t  

e,.=- * * .  

*+sadt 
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Fig.1 

A t  w = const, 

Dep endei 
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I n  t,,s case, t he  lim 

ment w i l l  be 

Ling value of  t he  absolute idee 

- TK-, 0 BD I 
I 

ty nf the Lnstru- 

and i s  p rac t i ca l ly  achieved a t  t = 3T. 

e r r o r  cT i s  equdl t o  zem. The curve of  t h e  t h e  dependence of e T  constructed 

from eq.(&) i s  p lo t ted  i n  Fig.1. 

The l imit ing value of t h e  r e l a t ive  

If ,  for t = t* , t he  angular velocity w becomes equal t o  zero, then, f o r  

t 2 t*, t h e  outpQt voltage u for I = .\; = wd = o win v a r y  according t o  the  l a w  

and, a t  t + m, it W i l l  tend t o  the  value which would o c c w  a t  the  in s t an t  of 

t i m e  t = t" when T = 0. 

output  voltage of t h e  instrument a t  the  ins tan t  of  time t = t'- when T # 0, 

This i s  shown graphically i n  Fig.2 where v:' i s  t h e  

/s7 
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while @- i s  t h e  sane when T = 0. 

, The l i n e  OA character izes  the  dependence of U on t a t  cu = const, f o r  an 

instrument for which T = 0. The l i n e  OBC shows the  dependence of U on t a t  

Fig.2 Transient Responses of Integrat ing Floated-Type 
Gyroscope a t  Rotation of t h e  Instrument Case about t he  

Input Axis with a- Angular Velocity u) = const 
during t h e  Time t* 

T + G, Tfis segzent OB corresponds t o  ro t a t ion  of t h e  instrument with a veloci- 

t y  u! = const, while t he  segment BC r e fe r s  t o  the  same, a t  a veloci ty  u! = 0. 

For instruments intended t o  operate without a servo, t he  time constant T 

should be no grea te r  than f o r  instruuents  working with a servo; therefore ,  f o r  

p r a c t i c a l  purposes we cam consider T = 0 f o r  such instruments. 

To estimate the  e f f ec t  of t h e  angle 3 and t h e  =gular veloci ty  w , ~  on the 

operation of t h e  instrument, we w i l l  assume t h a t  LO = const, wz0 = const, T = 

= A = wd = 1 = = 0. Then, from eq . ( l>  we derive tha t ,  f o r  zero initidl condi- 

t ions,  

where 
( 5 )  

Thus, i n  the  case under consideration the  dependence of the  voltage U on 
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t h e  angle CY becomes nonlinear, which should be taken i n t o  acconnt when caU- 

brat ing t h e  instrument. I n  this case, the nonl inear i t r  of t h e  output s ignal  

will be 

where 
I 

U, = output voltage for 3 = 0 mcl wz0 = 0 determined by eq.(3); - 
AI/ = u--ui; 

U = ac tua l  output voltage d e t e h e d  by t he  equal i ty  (5). 

I 

I 

i 

0 r 2 3 4 s s 7 8 9 w p L  

Fig.3 Dependence of  t h e  Relative Error ea on t h e  Angle 3, 
I , ,  9 0 
cu at Various Values of n = - 

The maximum nonlinearity will occur a t  3 = P,,, For i t s  determination, 

we must set i n  the expression fo r  eU 

I n  t h e  case i n  question, the dependence between the  angles CY and 6 is & 
determined by the  equality 

a =  
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\he> cal ibrat ing the  instrument with respect t o  eq.(3), t he  relative error 

of measuring t h e  angle cy, produced by t h e  e f fec t  of t he  angle 8 and the  angular 

velocity wz0,  expressed In f rac t ions  of t h e  t r u e  m l u e  of cy, W i l l  read 
, 

-7 I 
( 9 )  

Born this formula, curves (Fig.3) are p lo t t ed  which show the  dependence 

of ea on the angle 9, f o r  various values of n. 

To derive the  formulas characterizing t h e  work of the instrument a t  any 

values of the  angle E and a t  zero value of t h e  angular veloci ty  wz0, we set 

n = o = 0 and N = 1 i n  eqs.(5) - (9) .  

The value of t he  angle CY, shown @ the  instrument, is 

tJfien examining t h e  dynamic propert ies  of an integrat ing floated-type gyro- 

scope, we can assume A'B = A i  = 0 by -Jirtue of t h e i r  smallness. 

t h a t  t h e  angle F! does not exceed 10' and thus taking cos R = 1, we f ind from 

eq.(l)  t ha t ,  a t  wz0 = 0, the  transmission coeff ic ients ,  the t r ans fe r  functions, 

and the  amplitude and phase frequmcy responses of the  in tegra t ing  floated- 

type -scope with respect t o  w, I, v, and K w i l l  have the  values shown i n  the  

Table . 

Then, postulat ing 

The integrat ing floated-type &yroscope, designed t o  operate without a servo, 

i.e., intended f o r  d i r e c t  use as a sensor of t h e  angle of ro t a t ion  of an object  

relative t o  i n e r t i a l  space should, unlike the  i n s t m e n t  working with a servo, 

have t h e  smallest possible  transmission coeff ic ient  of the  gyro w. 
case, t h e  required value Kuxfi i s  determined by the  equality 

In this ,&I 
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where (Y,,x i s  the  maximum value of t h e  measured angle CY, i.e., the angle of ro- . 

t a t i o n  of t h e  instrument about i t s  input a x i s ;  8,,, i s  t h e  d u m  permissible 

value of t he  angle of ro ta t ion  of t he  gyro corresponding t o  the  angle CY,,, and 

selected on the bas i s  of the  permissible error e a ,  resu l t ing  from the  e f f e c t  of 

t h e  angle P and the  angular veloci ty  wz0 determined by eq.(9). 

The rea l iza t ion  of s m a l l  valces of KWB requires t h e  r ea l i za t ion  of quite 

l a rge  values of Khnd, which meets with considerable technical d i f f i c u l t i e s .  

be able  t o  measure ra ther  la rge  values of t h e  angle cy, it  i s  necessary t o  de- 

To 

crease K(G and t o  increase @,,, . 
working without a servo should have, i n  comparison k i t h  instruments workzing with 

A s  a consequence of this, the  instruments 

a servo, a considerably lower value of KU.$ and a much l a rge r  maximum angle of 

def lec t ion  of t he  gyro from i t s  i n i t i a l  posi t ion.  
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